9th Collaboration Meeting of the
CI\HCA) BM@N Experiment at the NICA Facility BM@N

-~

-

—— ———

B

-
-
. wi

BM@N Software Progress and Roadmap

Konstantin Gertsenberger

V. Veksler and A. Baldin Laboratory of High Energy Physics
Joint Institute for Nuclear Research

on behalf of the BM@N collaboration

‘ W g ,..:‘t'_, —

13-16 September 2022

G i

16 September 2022



)

FLP

First Level
Processor

Data Check

- Flow Control ="

Formatting

d,

N’

EvB

Event
Builder

Buffering
Sorting
Distribution

RQ FT REC

Raw Data
Quality
Check

Fast Event
Reconstruction

Digitizer REC

ROOT Format Event Physics
Mapping Reconstruction Analysis
Alignment

L g ——

BmnRoot @ BM@N distributed clusters _+

TDS

Transient Data Storage
CEPH storage

PDS

Permanent Data Storage
EOS storage

e-Log HIST

Online
Histogramming

Electronic
Logbook

EVvMM

Information
Systems 4

- imerces

Event
Monitor

DAQ

Online
Processing

Offline
Processing

16 September 2022




BT

Orthieetsofvwdredhysikms



Createa
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search
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Number of items per page: 10 7| Logout

End of the RUN7

Cu target; Tr.=BC1 & BC2 & VC & Si>3 VKM2:
1=125A, SP-57=50A, SP41=1250A; 100 k

Cu target; Tr=BC1 & BC2 & VC & Si>2 VKM2:
|=125A, SP-57=50A, SP41=1250A; 120 k

Cu target; Tr=BC1 & BC2 & VC & Si>3 VKM2:
[=125A, SP-57=50A, SP41=1250A; 208 kev

Cu target, Tr.=BC1 & BC2 & VC & Si>3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 201 kev

Cu target, Tr.=BC1 & BC2 & VC & Si>3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 201 kev

Cu target; Tr.=BC1 & BC2 & VC & Si>3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 201 kev

Cu target; Tr=BC1 & BC2 & VC & Si>3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 204 kev

Cu target; Tr=BC1 &BC2 & VC & BD=3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 150 kev

Cu target; Tr=BC1 &BC2 & VC & BD>3; VKM2:
[=125A, SP-57=50A, SP41=1250A; 213 kev

bmn-elog.jinr.ru (“Detector - BM@N Logbook™ on bmn.jinr.ru)


https://bmn-elog.jinr.ru/

User Cabinet

Event

New record of the 'Configuration' type.
New record of the 'Inform All' type.
New record of the 'New Run' type.
New record of the 'Other’ type.
New record of the 'Problem Fixed' type.
New record of the 'Problem report’ type.
New record of the 'Routine’ type.
New record of the 'Shift started' type.
New record of the 'Shift summary' type.

New record of the 'Software Installation’ type.

16 September 2022

different types of events:

Subscription

O
O

O

Mt e e

“shift started”
“oroblem report”
“configuration”
‘new run”

user 3

user 4




C++ APl — REST API (in progress)

Autogenerated class wrappers for the logbook objects
allow to access and manage the data in the BmnRoot framework

ElogDbRecord — records written by a shift crew during the experiment runs which describe operating

modes of various systems and detectors and different types of events
ElogDbType — record types: ‘Shift started’, ‘Problem report’, ‘Configuration’, ‘New Run’, etc.

ElogDbPerson — a list of the experiment staff

ElogDbTrigger — dictionary of all possible trigger types

ElogDbBeam — dictionary of all possible beam particles

ElogDbTarget — dictionary of all possible targets

ElogDbAttachment — files attached to a record for detailed description of the run

ElogConnection — serves to open and close connections to the databases including e-Log

ElogSearchCondition — forms criteria for selection of necessary records

The main functions of the e-Log interface:
for data objects (static): Create, Delete, Get, Search, PrintAll.

for attributes (non-static): Getters and Setters functions, Print.

16 September 2022
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Configuration
Monitor & Editor

Online
Histogramming

Fast
process

Event
Reconstruction management ‘
PostgreSOL conf|guratlon

Database

raw data

from DAQ
Raw Data Converter

detector Event

FairMQ Devices geometries AU ider

start

process
control
Igor Alexandrov sezpalive fopeloey
(15 September 12:50) . . .
) - Dynamic Configuration
Status of the Configuration Deployment Manager
Information System System (DDS)

forBM@N online processing
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Interface of the OCS. Task monitor

BM@N Configuration DataBase £

B M@ N Baryonic Matter

at Nuclotron

List of activated tasks

Task: | Select task Computer:  Select computer Module: | Select module Setup: | Select setup Status: | Select status

Menu
( Select module
searcH | [ ReseT |
m4
. . . m11
ACTIVATED TASKS For more task information , click on the task name. .
OnlineControl
Name Computer Module m4 Start Time Stop Time Status
CONFIGURATION DESIGNER
fast_event_reco_imitator localhost OnlineControl test 2021-10-1915:18:35 2021-10-1915:19:14 Crashed
DICTIONARIES ~
event_display_imitator localhost OnlineControl test 2021-10-19 15:17:55 2021-10-19 15:18:26 Stopped
HOSTS
e root_digi_imitator localhost OnlineControl test 2021-10-1915:19:24 Running

Parameters: —time 10 -ts 10 -mjfn bmn_root_digi_imit message;
PathExe: tutorials/tutorial 1/bmn_root_digi_fmit;

TASK TYPES

MODULE NAMES Task Type: exe;
SETUP NAMES 0S: centos;
Version: 1;

Instances: 1;

Restart On_Crash:

Start_On_Boot: /'

Property: Name- DigilessProperty; Value- write;

Get in touch online_histogram_imitator localhost OnlineCantrol test 2021-10-19 15:19:52 Running

B4 Konstantin Gertsenberger

© JINR VBLHEP-MLIT, 2018-2021.
All rights reserved.

» Configuration Database: completed » Webinterface: completed
« Configuration Manager: completed * OCS is under testing now

16 September 2022 10



FairMQ is a messaging library focused on building modular
systems for data processing in high energy physics
experiments. It represents an abstraction over various
messaging technologies such as ZeroMQ, Nanomsg, etc.

DDS (Dynamic Deployment System) is a set of tools that
facilitates the process of system deployment. As a Remote
Manipulator System (RMS), it initially provides SSH or
SLURM, but also allows you to use other methods.

/ Raw Data

Converter

Mapping from

Condition DB o Setup geometry

from Geometry DB

Fast Event
Reconstruction
Event Display | :
eventdisplay.C E

from socket
o—>

Raw data

o—>
from raw file

Digitizer

FairMQ Sampler

16 September 2022

Online
Histogramming

Digitizer
Computer

FairMQ

DDS
Topology

The purpose of the online data processing system
is selective data processing (digitization of events
and fast reconstruction) and monitoring of the
data of the ongoing experiment.

llya Romanov
(15 September 13:05)

Online Processing System for
the BM@N experiment
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BmnRoot Release Preparation: 22.10.0

FAIRSoft FAIRRoot BmnRoot adaption, macro simplification, folder and

apr22 v18.6.8 module restructuring, removing crosslinks
4 [Geants][ceanm][FLum] ) # Three versions of the tracking
F'\lﬁg‘)f’[ are supported: CellAuto for
ceometry | (2i0Y (v ] RooTFi,esl Run 7, L1Tracking fqr Run 8 in
. Manager hits, digtitss online, VF for Run 8 in offline
ROOT 6(26 geomewy _ _ _
ROOT/ASCII < Event simulation with Geant4
configuration =
GDML - N\ - < 5 goomatry is used by default.
Geolnterface parameters .
Manager Manager # The BM@N tasks are being
poave (odues FAIRRoot restructured to support online
Pipe v186.8 PostgreSaL processing.
L configuration
Detector || Magnetic Event Event Fair & < BmnRoot database interfaces
Base Field Generator || Manager || TTasks HLEL
K J parameters have been moved to
- ~ submodules.
A?igitizert ‘ < BmnRoot is currently being
y A i = ignmen . .
Const Field BOX Event HitProducer Unified tested on distributed clusters
Field M urQMD Display || ClusterFinder Database
ield Map P s e e before the release.
PID .
< All improvements and new
\_ BmnRoot features will be described at
\ _/  the release tag.

16 September 2022 14



branches with digits should be renamed before
Run 8 to improve clarity of the data processing

DAQ Storage

raw data in binary format

raw_run.data
o

generator.dat
BmnDataToRoot.C

run_sim_bmn.C

N
RAW N
digits N
format =

Geometry
Database

Unified physics
Condition .
Database anaIySIS

macro/physics/

Catalogue
16 September 2022

DCM-QGSM, DCM-SMM, UrQMD...

/ Geant 3/4, Fka  Event Generators
/dig;D\ simulation

15
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pointer to
Geometry Storage
(will be removed after
Geometry Database

integration)

detector geometries

run_

simulation_file

Hfile_id: INTEGER

file_path: VARCHAR(200)
generator_name: VARCHAR(20)
beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)
energy: FLOAT

centrality: VARCHAR(10)
event_count: INTEGER
file_desc: VARCHAR(30)
file_size: FLOAT

file_md5: CHAR(32)

K

s ™
Bperiod_number: INTEGER (FK)
run_geom —
=) ety Zrun_number: INTEGER
Hgeometry_id: INTEGER
Pad r— — % fie_path: VARCHAR(200)
root_geometry: BINARY beam_particle: VARCHAR(10)
target_particle: VARCHAR(10)
run_period energy: FLOAT
} start_datetime: TIMESTAMP
@period_number: INTEGER | o  end_datetime: TIMESTAMP
start_datetime: TIMESTAMP ﬁ;%”t\;;?:;é ELTCE&ER \
end_datetime: TIMESTAMP il e_gize: FLOAT
geometry_id: INTEGER (FK)
= file_md5: CHAR(32
run info e (32)

y \ simulation data

detector

L

detector_parameter

Fdetector_name: VARCHAR(10)

Hvalue_id: INTEGER

description: VARCHAR(30)

parameter_

Bparameter_id: INTEGER

parameter_name: VARCHAR(20
parameter_type: INTEGER
is_array: BOOLEAN

)

detector_name: VARCHAR(10) (FK)

— — —
parameter_id: INTEGER (FK)
start_period: INTEGER (FK)
start_run: INTEGER (FK)

e end_period: INTEGER (FK)

end_run: INTEGER (FK)
value key INTEGER_ _

rparameter_\.falue: BINARY,
! expiry_date: TIMESTAMP

detectors & parameters

16 September 2022

storing information on
experiment sessions and runs,
setup geometries, detectors,

parameters and parameter values,

and generated simulation files

pointer to
SIM storage level

pointer to
EXP storage level

pointer to
Parameter Storage

@ PostgreSQL 12
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C++ APl — REST API (in progress)

Autogenerated class wrappers for database tables with specific functions
allow to access and manage data in the BmnRoot framework

UniDbRunPeriod — describes run periods (a set of runs) of the experiment

UniDbRun - run parameters (number, time, energy, beam, target, magnet field, file path, etc.)
UniDbDetector — detectors of the experiment (detector dictionary)

UniDbParameter — common information about detectors’ parameters presented on the previous

slides and stored in the database (parameter dictionary)
UniDbDetectorParameter — values of detector parameters for experiment runs

UniDbSimulationFile — describes a set of generated simulation files

The main functions of the database interface: i
for data objects (static): Create, Delete, Get, Search, PrintAll. "
for attributes (non-static); Getters and Setters functions, Print. i

- . T submodules -

uni_db P database e database s

elog db done uni_db done unidbf. oo

= D — » —

elog db elog dof|....... )

bmnroot bmnroot bmnroot

16 September 2022 18
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physics analysis

BmnRoot
framework

{

C++ database
interface
(connect, I/O, API)

Unified
Database
service script for auto
updating simulation file list
Simuaton Data configuration parameter and
calibration algorithm data

DOMSMM. 1201 fies
Emor Grsgh
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DCMACSN 12627 I
ues
Hanlx IH Eul Il
Ot M cckmn 9 B S i
by [y

service script for checking
integrity of the raw datafiles

16 September 2022
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changing data >
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Web Service

g docker
M HIGHCHARTYS

nedec
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Status of the web service for Unified Database

BM@N Experiment Database Experimental Data Simulation Data
Documentation Distribution of runs by run periods (show time of all periods) Distribution of simulation files by generators
The Unified Database iz designed as a

comprehensive relational data storage for . .
Period 1: 93 runs QGSM: 3044 files

offline data analvsis in the fixed target  ae,

- = Period 3: 204 runs
experiment BM@N of the NICA project. The o
vse of the BM@N database provides correct Period 5: 200 runs
multi-user access to actval information of the UrQMD: 15963 files
experiment for data processing. ‘ Beriod 6 471 ruus S VHLLE UrQMD: 1389 files

Period 7: 2200
Account Fried e J
PHSD: §7 files 3FD: 12411 files

Konstantin Gertsenberger
Admin

LAQGSM: 6231 files

Profile Logout Beam - Energy - Target distributions

Period 6 - Beam C (E=5.14 GeV/n) Beam C(E=4.5GeVin)
Total: 0.41 MEvents Total: 39.14 MEvents

CIH4: 3.02 MEvents
1o target 4.62 MEvents ‘3‘5 MEvents
Pb: 536 MEvents '
Cu: 8.75 MEvents
AL 8.03 MEvents

Beam C (E=4GeV/n) Beam C(E=3.5GeV/n)
Total: 20.85 MEvents Total: 15.19 MEvents

Phb: 1.24 MEvent: no target: 1 38 MEvents Pb: 0.61 MEv
C:2.60 MEvents
Cu: 4.74 MEvents
C: 5.08 MEvents
Cu: 6.14 MEvents

no target: 2.92 MEvents

.41 MEvents

bmn-unidb.jinr.ru

C2H4: 1.17 MEvents
Al 584 MEvents Al 432 MEvent

# visualization of summary data in the form of diagrams and charts

# convenient viewing, managing and searching for up-to-date information
on the BM@N experiment in tabular view by collaboration members

16 September 2022 bmn-unidb.jinr.ru (“Software — Databases — Unified Database” on bmn.jinr.ru) 20
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Unified Database. File Inspection Service

Report Selector

exp, data NCX 2022-09-01 03:00 2022-09-05 04:00 3635 39
exp, data NCX 2022-08-21 03:00 2022-08-2505:11 3635 72
exp, data NCX 2022-08-1103:00 2022-08-14 22:05 3635 104

sim, data NCX 2022-08-0503:00 2022-08-0508:08 23964 8

exp, data NCX 2022-08-01 03:00 2022-08-0512:15 3635 35
|
ltems per page: 5 - 1-50f 851 >
e
Error Graph
Experimental 1 Simulated NCX I MICC
150
100
50
, NN
Apr'22 May '22 Jun '22 Jul"22 Aug'22 Sep 22
@ Different MD5 checksum Blank MD5 checksum
© File read error @ File not found

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

File read error

feos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_3567.data

/eos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_3799.data

/eos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4260.data

/eos/nica/bmn/exp/raw/run7,/3590-4707_BMN_Argon/mpd_run_trigCode_3735.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4500.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4633.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4662.data

/eos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4689.data

/eos/nica/bmn/exp/raw/run7/4720-5186_BMN_Krypton/mpd_run_trigCode_5088.data

/eos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_3455.data

feos/nica/bmn/exp/raw/run7/4720-5186_BMN_Krypton/mpd_run_trigCode_5150.data

/eos/nica/bmn/exp/raw/run7/2213-3588 _SRC_Carbon/mpd_run_trigCode_3303.data

feos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_2240.data

feos/nica/bmn/exp/raw/run7/2213-3588_SRC_Carbon/mpd_run_trigCode_2687.data

feos/nica/bmn/exp/raw/run7/3590-4707_BMN_Argon/mpd_run_trigCode_4327.data

/eos/nica/bmn/exp/raw/run7,/3590-4707_BMN_Argon/mpd_run_trigCode_4125.data

[Errne 5] Input/output error

[Erno 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output errer

[Ermo 5] Input/output error

[Errno 5] Input/output error

[Errne 5] Input/output error

[Erno 5] Input/output error

[Erro 5] Input/output error

[Erro 5] Input/output error

[Ermo 5] Input/output error

[Errno 5] Input/output error

[Errno 5] Input/output error

[Errne 5] Input/output error

[Ermo 5] Input/output errer

[Erro 5] Input/output error

ﬁE‘"E

a File Inspection Service

16 September 2022
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Productign

Monitoring and

{progticer) - _Con_ditsn Eataaa?e N\ Statistics System
- ‘ produce
Sign-On new event
(LDAP, FreelPA | information
or JINR SS0O) |

view
search
update EMD

retrieving
events

Web Browser

Peter KLIMAI
(15 September

Software contribution from MIPT:

update E!\JD

update EMD

retrieving
events

Experiment Software

12:30)

e
a
write run metﬂdﬂt

write event metadata event
update EMD metadata
selection (EMD)

e

Event Catalogue

event
indexes

Dispatcher

event

@ process

Web interface
for viewing and
searching for event
metadata stored in the
Event Catalogue and
retrieving events which
satisfy given user
parameters

Metadata Application
Programming Interface

EMD Producer

Event Selector

Event Retrieval

Event Cache”

RRNY

Metadata API
for writing new metadata
to the Event Catalogue
while data processing
and requesting events

Workload
Management System

(C++, ROOT) . o
indexes selected by criteria for
cache (‘%J  gather | physics analysis in
1 BmnRoot

Development of software

systems and services forBM@N
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Distributed Gathering Service

File Storage

Distributed
File Storage
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BM@N Events
=== - Test Events
BH Search Events

SRC Events Software Version
BB Search Events
Period Number
Test Events

BH Search Events Run Number

base parameters

Beam Particle

Target Particle

Energy, GeV

Total track number

Condition [{B prefilter

Triggers (string)

configured parameters

datal
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datal
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datal

datal

datal

§ Primary vertex =
S

Qo Limit [dflt=100]

S

§/v Offset

7

2 a3
£ selection
—

q‘l

Jvar/filel

/tmp/filed
nmp/filed
ftimp/filed
ftmp/filed
/imp/filed
/tmp/file4
/tmp/filed
ftmp/filed

/tmp/file4

event pointer

»
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5001

5001

90

25

25

25

25

25
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qwe

gwerty

qwertyl

qwerty

qwerty
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qwertyl

qwerty

qwertyl

qwerty

true

true

false

true

true

true

false

true

false

true

1-100f15

event metadataare writtenonly if

primary vertex has been foundin the event

BM@N

# Contains summary properties of collision events and references to their storage location

K Kotlin

16 September 2022

# Allows user to quickly search for a set of events required for a particular physics
analysis by various parameters
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Official BM@N Web Site
bmn.jinr.ru

Electronic Logbook Wiki Doc Server
bmn-elog.jinr.ru O bmn-wiki.jinr.ru

LS

docker

Configuration System
bmn-online.jinr.ru

ot Condition Database
" bmn-unidb.jinr.ru

/09/};

Event Metadata
bmn-event.jinr.ru

Geometry Database
bmn-geo.jinr.ru

Tango Viewer { NICA-Scheduler

bmn-tango.jinr.ru bmn-scheduler.jinr.ru

Forum System
bmn-forum.jinr.ru
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https://bmn-unidb.jinr.ru/
https://bmn-elog.jinr.ru/
https://bmn-forum.jinr.ru/
https://bmn-wiki.jinr.ru/
https://bmn-geo.jinr.ru/
http://bmn-geodb.jinr.ru/
http://bmn-scheduler.jinr.ru/
https://bmn-event.jinr.ru/
https://bmn.jinr.ru/
https://bmn-online.jinr.ru/

e bDMN.jinr.ru/reqistration

BM@N Registration on bmn.jinr.ru j ~ 5 -‘3 & @
PP g - \( g w

admins writers readers

Wiki Document Server bmn-ipa.jinr.ru

7 Services .

Electronic Logbook

J
s
e

Condition Database

4
, 4

17 Groups
QTS

‘49 Users

% L BM@N

Geometry Database g Forum !
y g oru !
Configuration - h-
System Event Metadata —

Collaboration members

16 September 2022 28


https://bmn-ipa.jinr.ru/

Monitoring Information Systems

(5} 22 BM@N Database Monitoring: In Detail - mo n-SerV|Ce J| nr.ru [ 2 E o = @ g o G rafan a

BM(@M Information Systems Database: Respense tlime Server: CPU usage Server: Load average (past 5 minutes)

View

4

4.00% 300%
n |
| - | | 2.00%
| F ™ 2 00% e s Al I -
AT AT L T 2 o 'JH ‘} lml,,l‘\-.l Lo i A *
" backall il L T kb v
LTy L
09:00 1000 1100 1200 13:00 as00 0500 10:00 100 100 13:00 ey
‘ = wnple select, sec -t Ode = gystem mode == wailing for /0 De-no 300 and L 1200 1200
.ﬁ. : Database: Mumber of rows (per minute) : Databaze: Number of connections : Server: Memory usage Server: Memaory usage
600 70 100% 10GE

8GE

400
5GB

200

IGE

0 s
08:00 09:00 10:00 1100 1200 1300

0B
245 iy 0800 09:.00 1000 100 1200 1300
800 0900 10:00 nod 1200 13:00 000 0900 1000 11:00 1200 13:00 T = =

= rows returmed == rows fetched == rows nserted == rows updated

rows deleted

Database: Transaction count (per minute) Database: Number of buffers Server: Disk usage Server: Memory Swap

150 M8

10

n

00 1000 00 1200 1300

08
oE00 000 10:00 1100 1200 13:00

08:00 09500 10:00 1100 12:00

== buffers allocated == buffers written by a backend ox
DE00 0500 1000 11:00 1200 1300

= transaclions committed == transactions rollbacked == buffers written by the background writer = swap lotal = swap used

Server: Number of processes Server: Network activity Server: Network errors

Database: Cache hit (per minute)

4 | R unread ﬁ tarred ,g Contact  © Tags @j Attachment Filter
tx @ Subject Correspondents & Date
1 [OK] PGSQL response time alert Grafana 2:41 PM
= nialthescde = total pmcsesce =) Service Monitor on CentOS7: server1 - PGSQL state changed to UP : :h@yandex.ru 2:40 PM
[Alerting] PGSQL response time alert Grafana 2:01 PM

000 00 10:00 1

]
08:00 09:00 000 1100 1200 1200

= gk blocks four

ncache = disk blocks read from sk — zombite proces

Service Monitor on CentOS7: server1 - PGSQL state changed to *** ... © " h@yandex.ru 1:54 PM

° U nified Data base + detailed Grafana < h@yandex.ru> ¥y © Reply ~ Forward @& Archive ¢) Junk  TiJ Delete
* Electronic Logbook + detailed R oL repomefme et
 BM@N Web sites [OK] PGSQL response time alert

Grafana: Database monitoring warning!

PGSQL response time

Email Notifications
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NICA Cluster MICC Tierl/2 Centre HybriLIT platform (HPC Govorun)
ncx[101-106].jinr.ru Ixui,jinr.ru hydra.jinr.ru
(LHEP, b.216) (LIT, b.134) (LIT, b.134)

I/tD RSC

OS: CentOS 7.7 OS: Scientific Linux 7.9 OS: Scientific Linux 7.9

Exp. software: CVMFS Exp. software: CVMFS Exp. software: CVMFS, Modules
EOS: 1 PB (replicated) EOS: 1 PB (replicated) ZFS: 280 TB,
GlusterFS: 116 (replicated) Fast Storage on Lustre 100 TBssx
SGE: 500 slots/user SLURM: cicc — 400 slots/user SLURM: bmn — 192 slots

FairSoft/FairRoot have been installed & configured in JINR CVMFS
Automatic software deployment of the BmnRoot on CVMFS with GIT CI
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BM@N Clusters Local Machines with CentOS 7

New FairSoft and FairRoot has been installed in CVMFES C++14/17 — GCC 7.2.1+ — devtoolset-7/9...
CMake 3.11 or above — CMake3

intel) RSC B3

One Software Storage, CVMFS is used at BM@N DAQ Farm, NCX-cluster, LIT MICC & HybriLIT

run after login every time (or add to .bashrc)

ssh -X [username]@[ncx,hydra,lxui].jinr.ru
. /cvmfs/nica.jinr.ru/centos7/bmn/env.sh  # GCC 11.2 + cmake 3.18 + simpath/fairrootpath

Do not forget to run SetEnv.sh script once before building the BmnRoot framework

Manuals: https://omn.jinr.ru/software-installation/
https://bmn.jinr.ru/nica-cluster/
https://omn.jinr.ru/micc-complex/
https://omn.jinr.ru/hybrilit-govorun/
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Monitoring System

Condition (Unified)
Information System

v 7 4
X AN
Electronic Logbook o

Online (Data Acquisition S\;te/m DAQ)'
7

Tango

Configuration
Information System

run info

Online Histogramming

slow control system

Event Monitor

Event Builder

Fast Event Reconstruction

Raw Dara Converter

raw

Geometry
Information
i System
Event
Metadata
System

+ DIRACH

..@ RUCIO

Data Management
System

CEPH

raw

(primary)
data

Online Processing DAQ Storage
Event Data Online Offline
Parameter Data Online Offline
Control Data Online Offline
Single J Workloads (jobs) Online Offline
Sign-On TaskFlow Control Online Offline

(LDAP, FreelPA

or JINR SSO) Software Offline

16 September 2022

Data Transfer
Service

Airflow

WorkFlow
Management Service

PANDA

EOS 1PB LHEP
raw digi dst
sim dst
nm
[ N
Cicc
complex BmnRoot:
] EOS 1 PB raw—digi digitizer
raw digi dst digi—dst reconstruction|
sim dst sim—dst simulation
dst—ana analysis
Software Distribution
SLURM: 400 iX slots (user) I (CVMFS)
- ;
\ LIT
HybrilIT HPC «Govorun» I N
platform %D
— Lustressp : - Dh
100 TB :

ZFS
80 TB

Fast Transient
Storage

SLURM: 192 iX slots (sm@N)

3,\_ DIRAC

Workload
Management System

33
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Submit thousand of jobs to DIRAC Job Queue

Collaboration members

lgor PELEVANY UK
(15 September 13:35)

ODIRAC

THE INTERWARE

| lcar

User
Job

¢

pilot job ][ Pilotjob [ Pilot job ][ Pilot job )( Pilotjob | [ Pilot job
User User User User User
Job Job Job Job

Clouds

Govorun

NICA Cluster

BM@N mass data production on the distributed computing infrastructure with DIRAC

16 September 2022

External
Collaborators
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Tier-1 CICC/Tier-2 Clouds

B o

Quotas (cores):
Tierl: 920 (for NICA)
Tier2: 1000 (for NICA)

Govorun NICA Cluster

Govorun: 192 (BM@N) 0-
NICA cluster: 250 (for NICA)

JINR Cloud: 90 (for JINR)
Members-states clouds: ~500 (for JINR)

number of running jobs exceeded 1600
16 September 2022

Total number of jobs: 18,900
Total wall time: 29 years Average duration: 13 hours

Normalized CPU used by Site
67 Weeks from Week 21 of 2021 to Week 36 of 2022

5 |

150

125

=

o

S
L

Tier1
Tier2
Govorun
Aug 2021 Nov 2021 Feb 2022 May 2022 Aug 2022
Max: 169, Min: 0.00, Average: 131, Current: 169
@ DIRAC.JINR-TIER.ru 91.8 M DIRAC.GOVORUN.ru 10.2 @ CLOUD.JINR.ru 0.0
B DIRAC JINR-CREAM.ru 65.7 M DIRAC JINR-LHEP.ru 11
Generated on 2022-09-13 13.14:32 UTC



Daria PRYAHINA
(15 September 13:50)

Simulation results of BM@N NCX LHEP

computing infrastructure

Data reception 10 Gb/s 500
Trigger and storage cores
BM@N buffer
100 Gb/s

700 MB/s T2 LIT

500

. cores

1run =1 file =41 GB
1 event = 0,4 MB
Supercomputer
10 Gb/s 190

Experimental data processing

Model data processing = session durafion—800 h

= run duration- 60 sec

= fime betweenruns — 30 sec
16 September 2022 37

cores




Simulation Results (Scenario 1)

Total data volume on the Data reception buffer (Buffer)

Completed jobs (%)

100 1 — RawToDigit
DigitToDst
GenToSim
go 4 —— SimToDst

1200 4

1000 +

800 A
60 4

600

Data volume (TB)

400 +

20 4

Percentage of the total number of jobs

200 ~

0

T T T T T T T T 0 T T T T T T T T
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800

Time (h) Time (h)
800 hours = 1 300 TB raw data Completed jobs in 800 hours

RawToDigit ~ 45% GenToSim = 99%
DigitToDst ~ 25%  SimToDst = 97%

» the sofftware modelling complex has been upgraded

» Based on the simulation results, we can predict problems that may appear
during the experiment and data processing.
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BM@N Software Contribution

Peter KLIMAI, Mihail ZELENYY, Artyom DEGTYAREV Ongoing negotiations with Andrey Rogachev
Development of Information Systems and Services for BM@N (LPR MIPT) to attract students for BM@N

@ MIPT group (Head: Tagir AUSHEV)

Sergei NEMNYUGIN, Anastasia IUSUPOVA
Development of an Interactive Virtual Reality application for BM@N Visualization

BM@N @ SPbU group (Head: Sergei NEMNYUGIN) £

Software

Contribution = _ .
‘ JINR LIT (Director: Vladimir KORENKOQV)

=
Irina FILOZOVA, Igor ALEXANDROV, Evgeniy ALEXANDROV and staff
Development of the Geometry Database and Online Configuration Systems

=
i/

@ JINR LHEP (Spokesperson: Mikhail KAPISHIN) m;;ﬁmm

=
; . Konstantin GERTSENBERGER
BM@N Software “Group” (2.5 FTE) | Ajexander CHEBOTOV, llya ROMANOV
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Ivan SLEPOV:
Support of the information services for BM@N on the NICA cluster

BM@N \ _ —
Computing & @' JINRLIT (Director: Vladimir KORENKOQOV)
TeChnicaI mkita BALASHOV: CVMFS Deployment, GitLab Services, Docker
Contribution Containers, Document Database Server (with Ivan Sokolov)

Dmitriy PODGAYNY, Oksana STRELTSOVA, Maksim ZUEV
HybriLIT and SC Govorun support

Igor PELEVANYUK: DIRAC workload management system

Vladimir TROFIMOV, Daria PRIAKHINA
Simulation of BM@N computing infrastructure

Irina FILOZOVA, Tatiana ZAIKINA, Galina SHESTAKOVA
Development of the BM@N Gallery with official figures and images
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Concise Roadmap of the BM@N Software |

Development Task FTEly Implementer
BM@N distributed data processing via WMS (DIRAC) 0.5 X
BM@N distributed data processing using File Catalogue (RUCIO) 0.25 X
Workflow Service (AirFlow) integration with BM@N systems 0.25 X
_g NICA-Scheduler support 0.25 K. Gertsenberger
g' Benchmarking and testing BM@N clusters to predict failures 0.25 X
EZ)B) Modelling System for BM@N computing infrastructure 0.5 I\D/ ;rr(;/zrr:}?]; ((ILII-_I;_))
% Dockers for BmnRoot: deployment and distributed processing 0.25 X
Online Processing System using FairMQ & DDS, Event Monitor 0.5 I. Romanov (LHEP)
Integration of the Online Converter with the Condition Database 0.25 X
Modern Web Event Display for online and offline visualization 0.5 X
= D Implementation of miniDST format 0.25 X
02 § Implement Trigger Info format and write to the Unified Database 0.25 X
(&)
‘% % Automation of BM@N Alignment 0.25 ézl;ﬁg#;rri]giz E::IIR
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Concise Roadmap of the BM@N Software I

Development Task FTEly Implementer
Configuration Database and Manager using DDS 0.25 I. Alexandrov (LIT) et al
Web Interface for the Online Configuration System 0.5 l. Filozova (LIT) et al.
_§ Geometry Information System and its integration 0.25 I. Alexandrov (LIT) et al
% Event Metadata System 0.5 P. Klimai (MIPT) et al.
2]
% Web interface for the Event Metadata System 0.5 A_%Ee"g:) atLiO\SI\/(III_I;TéP)
%’ Improving web interface for the Condition Database (UniDB) 0.1 A. Chebotov (LHEP)
% Auxiliary services for the Condition Database 0.25 Mikhail Zelenyi (MIPT)
S REST API int_e_rfaces to the Information Systems (Electronic 05 P. Klimai (MIPT)
= Logbook, Condition DB, Event Metadata, Geometry DB...) A. Chebotov (LHEP)
E Common Deployment System for all Information Systems 0.25 A. Chebotov (LHEP)
i Development of the Monitoring System for BM@N Software 0.25 X
g Database replication for auto-recovering BM@N systems 0.25 X
® Refinement and support BM@N software systems and services 0.5 X
Deployment and support the systems on the NC-cluster 0.25 l. Slepov (LHEP)
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Concise Roadmap of the BM@N Software Il

Development Task FTEly Implementer

System for publication and report activity: DocDB (Fermilab) & N. Balashov (LIT) et al.
é " Alternative software solution 025 l. Filozova (LIT) et al.
g § Web Gallery for officially approved figures 0.25 l. Filozova (LIT) et al.
%3 % Support of the GitLab pipelines (tests), dockers... 0.25 N. Balashov (LIT)
> Supporting and improving the current BM@N services 0.25 K. Gertsenberger

BmnRoot support and evolution 0.5 K. Gertsenberger

Correcting error messages and memory bugs in BmnRoot 0.25 X

Writing documentation, tutorials, project management system... 0.25 X

And many othe_r tasks: forgotten 'Fasks, emerging task_s., transition X «

to modern solutions (e-Log redesign, NoSQL for Condition DB...

The shortage of FTE is a minimum of 4.25 @

The BM@N Software Group

Konstantin GERTSENBERGER must be increased from 2.5to
BM@N Software Group (2.5 FTE) | Aexander CHEBOTOV, llya ROMANOV 6 FTE at least to support stable

work of the BM@N software
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Software Strategy Issues

# Goals and objectives: defined

# Resources

s Software Fund: no fund, no financial support,
own motivation of the non-LHEP participants

¢ Staff: no regular software group (denied)

*» Computing Resources: not enough stable
computing resources for future BM@N processing

< Roadmap: defined

16 September 2022 45



A lot of efforts have been invested to make progress in development of the systems for
BM@N online data processing, such as Configuration Information System and process
management system via FairMQ and DDS packages.

Many software information systems of the complex are on the final stage of the
implementation and deployment on the NC-cluster to reduce the time of obtaining
physics results. The Electronic Logbook and Condition Database with related services
are actively employed by the collaboration members. The Geometry Database, Event
Metadata and Configuration Systems are on the last stage of the completion.

BmnRoot Release 22.10.0 should be issued with the latest BM@N simulation,
reconstruction, analysis and software improvements to be employed for mass data
processing in Run 8.

The distributed software-computing architecture of the BM@N data processing has been
designed. The work with the DIRAC workload manager is in progress.

The lack of the software fund, regular staff and stable computing resources poses
serious risks for the further BM@N data processing and analysis, and decisions need to
be made before the experiment is totally wrapped up in the issues.
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Official BM@N Web-site: bmn.jinr.ru

BM@N COLLABORATION * PHYSICS ~ DETECTOR ~ SOFTWARE ~ COMPUTING ~ WIKI  FORUM  VIDEOROOM

1st experiment
of the NICA project

Official BM@N collaboration web-site

~
NICA web-site ( BM@&N Project

BmnRoot code Unified Database ReadMe first

BmnRoot GitLab repository BM@N Offline Database BmnRoot Start Guide

16 September 2022

v Collaboration
v Information
v Documents

v Software

v Databases

v Computing Section
(NICA Cluster, MICC
Complex, HybriLIT
& Govorun)

v Guides, Manuals
v Wiki

v Forum

v ZOOM room

v BM@N Mail-lists
v etc.
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More information: bmn.jinr.ru

nica.jinr.ru

Email: gertsen@jinr.ru
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DETECTOR ~ SOFTWARE = COMPUTING ~ WIKI FORUM

BmnRoot
Databases

HowTo BM@N Registration @

References BmnRoot Installation

BmnRoot Start Guide

1 or User rights

How to use GIT

B8 Your first name

B8 Your last name

BM@N

Boryonic Moatter of Nuclotron

= Email

If you have not registered for BM@N
collaboration, please fill and attach this
signed form

Li]
((©
B

Attach signed form

Already registered
%freelPA

bmn.jinr.ru/registration

The required fields are filled in and the request is sent by e-
mail to the software coordinator

It is impossible to register yourself on the resources only via
sending this request

You must specify the mail, select resources and specify the
necessary rights

16 September 2022

BM@N BM@N REGISTRATION FORM NICA

Please complete all sections and send the signed form to the BM@N official person 6 & ¢

[ new JINR user [ new external user [J change of status JINR department ........coiverienuirameinuimsnnae.
Family name JINR office ..o
First name () ................ JINR phone number .........cooiiiinii
Second name (if exisis) ... JINR email N
Date of Birth {Day. Month. Year): .........ccoooviiiiiinnn if not JINR emplovee

Home Institute name

Contact email ...
Contact phone mmnber |0 Home Institute work phone
Preferred 1ogin ..o Home Institute work email ...
Contract period (or association with BM@N) (Day.Month.Year): from ... BO oo
Average presence at JINR: ..........ccoconiiiianns Yo

Status: T Prof. TJPhD [ Scientist/Specialist ] PhD student [ Summer Student [ Student
Nature of activity: T Scientific [ Engineering [] Technical [ Administrative ] Other:

Teamm Leacar: I
Work area at BMGIN (hriedly ) N

Participation in ather experimeni= B c

1 understand and certify that, for the entire duration of my association with BM{@N:

*  All BM@N users are expected to participate in Collaboration activities, scientific and technical, in a collegial
manner respecting the cultural and ethnic diversity within the Collaboration.

*  All BM@N users are expected to abide by the BM@N Bylaws and other adopted policies. They are also expected
to abide by the JINR rules and procedures while present at the host premises.

#  The scientific results obtained in course of the experiment shall be published only with the consent of all authors.
The paper to be published and report to be presented shall be cleared by a Convener of the corresponding Working
Group before submission.

* BM@N computing facilities, services and software are intended for the attainment of the experiment’s aims. Their
use must come within the professional duties of the user and work on the BM{@N experiment. The use of the
computing facilities and software must cause no material or moral damage to the experiment or any computing
facilities, nor disrupt their operation.

* BM@N computing facilities must be used in conformity with their rules of use. The rules for the NICA (NCX)
cluster, HybriLIT platform with Govorun and JINR CICC are listed on the official web sites, currently at
https://webnex. jinr.ru/start, http:/hybrilit.jimr.nu/en/for_users and http://1xs-s03.jinr.ru/cice/index. php/en/home/,

* lam awarc of the prohibition on divulging given passwords, the use of unlicensed software, the inadmissibility of
attempts of unauthorized access to the services, computer and network resources of the BM@N experiment.

#  Although the Collaboration endeavours to maintain and protect its computing facilities and software, it cannot
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BM@N Wikl Document Server
HWIK i

Alenn # + | Document Server for the BAMEIN experiment Tutorials URISEE N X NS ALY
* 1. BM@N Subsytems * . Create Subcategory
2 T Conl Document Server for the BM@N experiment  sesc #ceae i 2 Creae Page it docs)

*3, SRC @ BM@EN

+ 4 Docutments Lt mogified by Adminko on 202001206 1533 SeCtiO ns

* 5. Reports .
Recently Visited

* &, Meetings
» 7. Software Documentation of data is essential for ba sarch practice and ensures Document Server for the BM@EN /‘ BM @ N Su bsyste mS
. Software scientific transparency and data integrity N WIK| Document Server is experiment

Recently Created " Run ContrOI
e 4 SRC program

> 8. Computing

Subjects

BM@N
e BM@

-- 1\ BERDS Meeting 07/04/2021 " Common documents
11. Hyperon mecting 05.04.2021 /‘ R e po rtS

lags: |+ Created by chebooy on 20181211 1120

< Software

Attachments (0] History ,‘ C O m p uti n g

Attach files to this page * /‘ ArC h ive

SRR osin o oo docker

# Contains all documents of the BM@N experiment
# Located in the Docker at the NICA cluster
# FreelPA Authentication (Single Account)

16 September 2022 bmn-wiki.jinr.ru (“Wiki” section on bmn.jinr.ru) ol
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BM@N Slow Control Viewer

THE
MPT, APACHE
Tango Parameter mpd/bmn/adc_bman_beam/ch1 or e g TeeoLeer SOFTWARE FOUNDATION
Dictionary B Custom
onnd W 77.64
hall sensor - ’
docker

Run Selector

Run » Time

5182 =t
77.58
SC data
77.57
. Run
i S e o ki 93 et e %8 £8:00 Data Server #1 Data Server #2 data
Acquisition Time - -
Slow Control Runs Info
DB (MySQL) DB (Postres)

< Web service for BM@N slow control hardware parameters e e)
# Shows sensor data graph based on run number or time et - m
interval, and parameter name (dictionary or custom set) Dash Server (Python Flasg MuSaS
# If a parameter is 1D array, in this case a multigraph s j

i Thin Client Thin Client
dlsplayed Web Ul Web Ul
# Uses Dash framework and packed in Docker container ] -

16 September 2022 pmn-tango.jinr.ru (“Software — Databases — Tango Parameters” on bmn.jinr.ru) 512
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BM@N Collaboration Forum

BM@N
Latest bmn-forum.jinr.ru liepeeel IS DBM@N
Forum
@ @ ;
& Staff Site Feedback Collaboration News P I atfo rm: Discourse

2 READ ME FIRST: Admin Quick Start Guide
& Privacy Policy
25 FAQ/Guidelines

Collaboration Support and
Common Questions

[ Nox cluster state

[ alignment_innTracker.root failed to read the
file type data

B Mpd22

Particle Identification Group

SRC Data Analysis and
Simulation Group

[ DCH global tracks
B Trigger setup
B PID using DCH tracks

[ Confusing activation link
[ Non-secure connection

[2 Change the server address

Software Development and Data
Quality Check Group

[ Suggestion to remove ‘check_system’

& New Authorization System for BM@N
services

& Problem with ELog DB access

ZDC & ECAL Data Analysis and
Simulation Group

Physics Analysis Issues

Event Reconstruction and
Detector Simulation Group

B MWPC geometry

Hyperon Reconstruction and
Simulation Group

=

docker

BM@N Forum & News system for a quick communication and discussions

between collaboration members and groups:
various topics for different groups, subscriptions, comments...

16 September 2022

Architecture:
Redis + sidekiq + Nginx + PostgreSQL

Forum Topics:

* News

* Support and Questions

» Sections for Working Groups
* Physics Analysis Issues

Moved to the Docker at NICA cluster

Switched to FreelPA Authentication
(Single Account)

bmn-forum.jinr.ru (“Forum” section on bmn.jinr.ru) 53
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