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Abstract—The SPD experiment has to collect large amount of data: up to trillion events (records of a collision
results) have to be stored and analyzed, producing tens of petabytes of data. This information will be distrib-
uted between a number of computing sites on a various storage locations, with duplication to avoid data loss
and improve performance. An information system is necessary to efficiently access all instances of the events,
and the SPD Event Index is being developed for this purpose. It is a catalog of all events obtained from the
detector or simulated, in all permanent instances of different formats and versions.
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INTRODUCTION

The SPD experiment [1] is a research project
aimed at studying the physics of elementary particles
and searching for new fundamental knowledge about
the interactions and structure of particles. The main
goal of this project is to analyze the data obtained from
the SPD detector installed on the NICA particle
accelerator, created at the Joint Institute for Nuclear
Research, located in the city of Dubna, Moscow
region.

To store and process a large amount of data
obtained during the SPD experiment, the creation of
complex information systems will be required. One of
such systems should be an Event Index—a catalog of
physical events received from the detector or modeled
for data analysis and processing.

SPD INFORMATION ECOSYSTEM

At this stage of the creation of the SPD experiment,
information and computing systems are in the initial
stage of development. The creation of an Event Index
is planned to start with parts that do not depend on
other components.

SPD Event Index is being developed as a compre-
hensive information system that should provide:

• obtaining information about experimental events
and simulated data by indexing data files containing
information about these events;

• transfer of this information and write to data-
bases;

• access to information for data processing and
analysis programs via API and applications;

• access to information to users through interactive
and asynchronous interfaces.

The choice of a platform for data storage and man-
agement was made based on the expected f lows and
volumes of information, the content of the record and
the expected ways of using Event Index.

The estimated data f low at the output of the online
filter will be from tens thousand events per second in
the early stage up to 150 thousand at maximum
machine performance, giving us from hundreds of bil-
lion (1011) to few trillion (1012) events per year.

An entry for an event in Event Index must contain
the following fields:

• event IDs: Run number (run_number) and event
number in Run (event_number);

• information about online filter solutions, in the
form of a bit mask (olf_result);

• unique identifier of the RAW data file containing
this event (fuid_raw). Using the UUID of a file, you
can access it through a distributed storage system;

• ID of the dataset this file is included in
(dsid_raw).

As the data is processed, new instances of the
recovered events will be created in a format optimized
for physical analysis (AOD). Pointers to different ver-
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sions of such files will be added to the event record.
Also, important event parameters can be added to the
record, which can be used for classification and
selection.

For reliable storage and processing of structured
data, a PostgreSQL [2] database was chosen, the fea-
tures of which are multithreading and the ability to
process large amounts of data.

Within the framework of this study, a convenient
and efficient program interface was developed and
implemented that performs data exchange using the
RESTful API [3]. To ensure the f lexibility and reliabil-
ity of the server side, Flask [4] was chosen—a microf-
ramework for the Python language. The frontend part
of the client interface was developed using the Angular
[5] framework, which provides tools for creating mod-
ern dynamic user interfaces, as well as providing effec-
tive interaction with the server and data manipulation.

RabbitMQ [6] is a message broker that allows you
to send, receive and route messages between applica-
tion components asynchronously. Celery [7] is a sys-
tem that allows you to perform operations in the back-
ground. The joint use of RabbitMQ and Celery when
creating a system for asynchronous task processing
helps to improve its performance. Flask can focus on
HTTP request processing while task processing is
passed to RabbitMQ and Celery, providing a modular
and flexible application architecture.

The integration of all these technologies made it
possible to create a powerful and flexible interface for
data exchange, contributing to more efficient process-
ing of information in the EventIndex system.

DATA GENERATION
To test the prototype of the system, sets of gener-

ated intermediate Event Index data are created. The
format of these sets is JSON, and it does not depend

Fig. 1. SPD Event Index data f low architecture and schema.
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on the format in which the data from the detector will
be stored. For each event, identifiers are generated
(run_number and event_number), a random of_re-
sult, as well as fuji_raw and psd_raw. In the future,
pseudo-data for AOD files is created based on these
sets for the same events.

This data is then written to tables in the database:
event records are stored in the “events” table, and
information about datasets is stored in the “datasets”
table. The dataset ID serves as a foreign key for the
event table.

OPTIMIZATION 
OF DATA RECORDING SPEED

The procedure used in the first version of the inter-
face for recording each event with a separate PUT
instruction showed insufficient speed when testing
even on relatively small data arrays. For example,
1000 events, on average, are recorded for 1 min 55 s. A
system capable of coping with a f low of tens of thou-
sands of events per second is needed. To solve this
problem, various optimization methods were investi-
gated to speed up the process of writing data to tables.

Along with using the common psycopg2 driver
for interacting with PostgreSQL, the following
modules were tested: asyncpg, pg8000, PyGreSQL,
SQLAlchemy.

To optimize the data write speed, a COPY query
was used instead of an INSERT query. The test results
are shown in Fig. 3.

Using COPY accelerated the writing of data to the
table by about 2 times. It follows from the graph that
when working with a small number of events (10–
100000), using the PyGreSQL module is effective, but

for a large number of events (from 1000000), the asyn-
chronous asyncpg module should be used.

At the moment, work is underway to optimize the
data write speed by changing PostgreSQL parameters,
the effect of block size on download speed is being
investigated. The system tries to load all the data at
once, but at high load it adapts using a cluster
approach for efficient data processing. Additionally,
the possibility of parallel data loading is being consid-
ered to improve performance.

CONCLUSIONS
In the course of further development of the Event

Index project, the following tasks are expected to be
performed:

(1) Development of user authorization and
authentication mechanisms using single sign-on tech-
nology and group access policies;

(2) API development (REST, Python, C++, …);
(3) Optimization of user request processing, with

synchronous or asynchronous output of results,
depending on the volume of requested data;

(4) Development of mechanisms for transmitting
“Event Index” data obtained by indexing files located
on remote nodes of a distributed computing network;

(5) Development a supervisor—software for man-
aging, collecting and importing data into “Event
Index”;

(6) Development of an Event Index component
monitoring system, with graphical representation of
data based on popular platforms (Grafana, etc.).

The implementation of these tasks will be carried
out in parallel with the development of others FROM
the installation.

Fig. 3. Recording time of data sets using various modules.
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