Information systems for data
taking and data processing

for the SPD experiment
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SPD Experiment Data

The SPD Experiment have to produce large amounts of data
- 20 GB/s => ~or 10 PB/year (RAW data), ~30 billion events per year

A similar amount of simulated particle collisions for use in detector
data analysis will be produced.

The processing of the experimental data requires a wide variety of
auxiliary information from many systems

Huge numbers of the detector condition and management data
should be stored in the databases

* should be used in every stage of data taking, processing and analysis
» are essential at nearly every stage of data handling

» for use in number of versatile applications each with its own requirements
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SPD Experiment Data

» Databases can not be considered as the thing in itself

» Databases should be taken as a part of complex information
system that include

Data collection tools
Data transportation tools (messaging services, etc)

Application layer between the client and the database server, including
caching proxies

Client software
APIls for access from the producton and analysis software
Supervisors and monitoring
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SPD On-line databases

» Strongly related to the data-taking operations.

» Should be separated from the offline activities that would
eventually compromise its availability and performance.
» Detector and data acquisition configurations
= On-line filter configurations and additional data
+ Detector calibrations and alignments for on-line filter algorithms

 Detector conditions data
- Detector parameters, such as temperatures, voltages, currents, gas flows etc.
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Off-line Databases

Some of the content from the Online databases should be
replicated for the use in the offline

Other information should be gathered from other sources

Offline condition databases contain

» Detector geometry and trigger DB

* Subset of detector conditions data (if necessary)

» Calibration and alignment constants for offline event reconstruction
» Conditions metadata

Used for prompt offline processing, reprocessing, logging of
critical operations, etc..
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Off-line Databases

* Physics metadata. Contain information about
- datasets and data samples,

* provenance chains of processed data with links to production task
configurations,

* cross-sections and configurations used for simulations,
 Offline filter and luminosity information for real and simulated data.

 Event Index.
» Complete catalogue of SPD events, real and simulated data
* Event IDs, links to data location and event-level metadata

* Use cases:
* Event picking (obtain events in the specific format and specific processing version)
* Production completeness and consistency checks, etc.
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Distributed processing and data managemet

 Distributed computing data management and processing book-
keeping. Metadata about the data that are processed and stored

* Distributed Data Management (Rucio): |
V£

- Dataset contents catalogue: list of files, total size, ownership,
provenance, lifetime, status etc.

 File catalogue: size, checksum, number of events

- Dataset location catalogue: list of replicas for each dataset

- Data transfer tools: queue of transfering datasets, status etc.

» Deletion tools: list of datasets (or replicas) to be deleted, status etc.
» Storage resource lists, status etc.
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w3 Distributed processing and data managemet

PanDA

* Production and Distributed Analysis (PanDA)
* Lists of requested tasks and their input and output datasets, software

versions etc.
* Lists of jobs with status, running locations, etc.

* Lists of processing resources with their status etc.
* Both systems use a combination of quasi-static and rapidly
changing information

* We expect running few hundreds Kjobs/day, moving hundreds of
TB/day every day between storage locations and worknodes
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Monitoring information system
- Based on time series databases
» Uses information from other databases, logs, etc.

Logging and bookkeeping

Documentation databases (provided by laboratory)

Hardware database
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Database operational and application

» Database clusters built on common base of servers and storages
for reducing cost and maintenance efforts serve different type of
application workload

* The nature of the distributed computing generates dynamic
workload. Coping with high loads on the database side is
essential. Three Tier model should be applied when necessary.

» Data sizes and access patterns should be thoroughly evaluated,
database layout, objects and quires should be designed
according to it, to avoid pitfalls in performance and stabillity.

* Extensive testing should be performed with appropriate amounts
of pseudo data on a separated development DB service before
putting in production

26.04.2023 SPD Collaboration Meeting



Databases and applications should be designed aiming for
scalability, having in mind long term operation in the varying
conditions, with different data flows and request rates.

- Adaptation to the varying data formats and content should be provided.

* The same with the different versions of client and DAQ software.

Open source solutions should be preferred

Development and deployment would take quite a long period,
some technologies may become obsolete or not available,others
may emerge.

* Possibility of transfer to the new platform should be kept in mind
» Use of module design, container-like solution should be encouraged
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Conditions Data

* In HEP experiments we use the term Conditions data to refer to
non-event data representing the detector status (e.g. calibrations
and alignment of the detector sub-components, data taking
conditions and similar).

* These data are essential for the processing of physics data, in
order to reconstruct events optimally and to exploit the full
detector’s potential.

* During data processing these Conditions data will be accessed
from the different locations by thousands of jobs in parallel, which
requires a solid architecture for their distribution and access.

* Conditions data infrastructure have to deal with the management
of several terabytes of data.
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Conditions Data Kinds

Detector hardware conditions:
» Temperatures, currents, voltages, gas pressures, etc.
- Sampled frequently and recorded for offline use

Detector read-out conditions: valid for the duration of 1 Run
* Trigger and detector read-out configurations
* uploaded to online filter

Detector calibrations: valid for periods within Run
* Energy calibration for calorimeters, time-over-threshold for pixels, etc.

Detector alignments: valid for the duration of 1 Run
* Relative and global alignment of sub-detectors
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Conditions Data Kinds

Physics calibrations:
* Energy scales and resolutions, reconstruction efficiencies

Luminosity and polarization measurements:
* Roughly measured during run
* Precice values based on event reconstruction

* Around 1 TB of condition data expected, based on experience
from the similar experiments
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Granularity and versioning

* Various pieces of information are heterogeneous both in data type
and in time granularity

* spanning intervals from minutes to hours in duration

* The data should be organized by "Intervals of Validity" (I0V),
which Is the span in time over which that data is valid

* Except for the detector and trigger configurations, which cannot
change once they are applied, all other conditions data can be
recomputed at any later stage if the understanding of the detector
behavior improves or the quality of the input data increases.

» Careful versioning of groups of conditions data for production use
cases Is a critical item to guarantee reproducibility.
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Conditions Data: Rates

* Typically write-rates for conditions data must support of the order
of 1 Hz (to ensure good support for several independent systems
writing conditions data every minute), with the majority of
conditions data being updated much less frequently than this.

* On the other hand, read-rates up to several kHz must be
supported for distributed computing workflows, where thousands
of jobs needing the same conditions data may start up at the
same time.

* Conditions data are typically written once and read frequently.
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Condition Data usage and workflows

* Subsystem calibration:
= conditions determination and testing
* uploading conditions to the production database

* Online data processing:

* This is the first level of processing executed by the online filter software
to determine which events are selected for offline processing.

* In this step the event data are processed using the conditions data that
were declared as valid in the past.

* During this step, we do not have the time to recompute new conditions.
 In this environment, changes are deployed less frequently.

* Major conditions updates can enter in the system only after the experts
have fully checked the data.
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Condition Data usage and workflows

* Primary data processing (Express and Bulk):

* The first offline data processing is executed by computing farms against
all data accepted by the online filter system.

The following procedure may be proposed, based on the ATLAS experiment experience:

* First stage processing where a representative sample (about 10%) of all
the data is analyzed.

* Subsystem experts are given a time window (~ 36 to 48 hours) to study
the results and deduce refined calibrations for the bulk processing stage.

* The bulk processing then commences, processing all of the data using
the best known conditions in calibration and alignment at this point.

* Its output is then ready and usable for offline physics analysis (or
refinements to online data taking conditions)
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Condition Data usage and workflows

* Reprocessing Campaign:

* More detailed offline analysis of promptly reconstructed data inevitably
reveals further optimizations in conditions as well as improvements in
reconstruction algorithms.

* In reprocessing campaigns, these optimized conditions data are used to
re-reconstruct all the data providing improved parameters for physics
analysis.

* These campaigns should reprocess large volumes of data on the
distributed centers, sparing central farms for the prompt reconstruction
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Condition Data usage and workflows

* User analysis:

* In some cases, certain types of condition data are needed for specific
physics or detector studies which require more detailed conditions than
needed in a typical data analysis.

» Also, physics calibrations (e.g. energy scales) should be available at this
level.

* These data are used typically by all analyses that involve given physics
objects.

* While this processing may not be required on all data streams, even the
subset of data required may be quite large.

* These jobs, like reprocessing, generally should be deployed using
distributed resources.
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Condition Data usage and workflows

* Isolated processing:

* A need may arise to execute jobs on external resources, that have their
own environment, that requires adaptation of the processes to it

For example, worker nodes may not have external connections to
conditions DB interfaces, so delivery of conditions via usual means is not
available

The needed conditions for these jobs must be provided (file based) along
with the input event-wise data files.

The conditions architecture should include the capability to generate
conditions files containing only the conditions expected to be needed for
processing.

Having this capability would also satisfy use cases such as users running
analysis on machines that are not connected to the network
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Conditions data with REST

* We consider adopting CREST (Condition data with REST) project
developed for ATLAS experiment condition data with strong
contribution of JINR developers

* The project should be relatively easy adopted for use with the
SPD, its use with PostgreSQL already has been tested

 After that, it should be developed independently from Atlas
framework for use with SPD computing environment

* Applying similar system to the On-line databases may be
considered
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Conditions Data Architecture

* The conditions data payloads are stored in a master database
and are accessed using a client-server design through a REST
Interface, achieving a high degree of separation between client
and server.

» This allows for simple clients that should be as agnostic of the rest
of the architecture as it is possible to be in order to improve
maintainability.

* Due to the read-rate requirements, caching is also extremely
Important when thousands of jobs start at the same time and
require the same conditions data,

* Caching can be provided using web-proxy technologies.
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Detector Control System

The SPD detector control system (DCS) is being designed

* to control the basic operating modes of the detector parts and the
detector as a whole

 to continuously monitor slowly changing parameters of the detector,
engineering means which provide the detector operation, and the
environment.

* Provides parameterization of the managed object (sybsystem)

* Implements algorithms for normalization, parameters
measurement and control based on these parameters

* (Generates the necessary sets of abstractions and options for
presenting these abstractions to the operator in an intuitive
manner.
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Detector Control System

» Parameter values are archived in a database for long-term
monitoring of the detector operation and identify possible failures
In the operation of the equipment and emergency situations.

* The configurations of the detector parameters saved in the
database make it possible to start the detector promptly and use it
with various preset parameters and in various operating modes in
accordance with the requirements of a particular physics
experiment.

* The number of parameters in the system is expected to be
significant, therefore, it is assumed that the system should be
extendable and flexibly configurable.
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HV/LV system

FE electronics LV and t°
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Detector Control System

* Implementation of the DCS
have to be developed.

= Lo An input from the subsystems
/S @D required for undemanding of
— - size and design of the DCS

e Just a few numbers:
e DSSD: 368640 x 5 + 400 channels

« ECAL: 26112 x 2 + 3067 ch.
* RS: 106000 x 2 + 629 ch.
« ZDC: ~3000 ch.
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Detector Hardware database

* A catalog of hardware components that SPD
detector consist of.

$ATLAS

EXPERIMENT

* [t should contain the information about the _
i Cables: 83529
detectors and the electronic parts, cables, racks, | crates: 7714

and crates, as well as the location history of all | equipment: 167491

items Racks: 929

: : : Boards: 11534
* It include equipment models, provider, paramenters | channels: 26585

and other (semi)permanent characteristics Cable Trays: 1360
: : : Zones: 21
This should help in maintenance of the detector | ;... or parts: 1618
systems and especially helpful in knowledge Equipment Models: 1984

transfer between team members. Measurements: 10413
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The Event Index

Eventindex is a system designed to be a complete catalog of SPD
events, real and simulated data

Event uniquely identified by the run number and the event number

Event information is stored in many instances
» Have different data types to fit analyses needs (RAW, AOD)

 Various versions originating from the same detector or simulated events
- Different reconstruction settings and software version

Eventindex
* provides a way to collect and store event information

* provides various tools to access this information through command line,
GUI and RESTful APl interfaces
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The Event Index

* Event Index records should contain
* Event identifiers: Run and event number
* On-line filter decisions: encoded as bit masks

* References to the events at each processing stage in all permanent files
generated by central productions

* Important parameters of the event useful for pre-selection for analyses

 Event Index use cases:

* Event picking: selecting of events in some format and processing version
by run and event numbers

» Counting and selection if events based on on-line fliter decisions and
parameters

* Production completeness and consistency checks

26.04.2023 SPD Collaboration Meeting



The Event Index

* A PostgreSQL - based back-end is being tested now
* Alists of generated event pseudo-data used for test

run_number | event_number | olt_result | dsid_raw | fuid_raw
280308061 | 8 | 29721 | 1 | 3adB87450-23e6-4b72-afcb-077b5184577e
280308061 | 14 | 24218 | 1 | 3ad87450-23e6-4b72-afcb-077b5184577e

* A simple RestAPI using flask framework have been developed

* Currently it makes preprocessing of the input data for the event picking
provided by the web-GUI, performs SQL requests to the events table and
returns list of file UIDS

GET | POST

DELETE / PUT ? -
JSON ? .

Client API Database
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The Event Index

* A Simple GUI using Angular framework has been created to test
RestAPI with event picking requests
It allows request one or few events manually or many events from the list

* Atesting of various ways to increase data ingestion rates is in
progress
» Using bulk loading via various interfaces, like asyncpg
» Checkpoint optimization, unregistered tables, switching of triggers,
column order optimization, etc

* A modular test environment is being created for testing different
approaches with the similar data and measuring tools
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SPD Needs Your Input

* As it was mentioned before, Information

* We need input both from hardware and

systems should be tailored to the needs of s P D
the project and to the nature and amount off R
data

analysis groups to create information
systems fitting their need

Information i1s needed BEFORE the
databases design will be ready

TO PROVIDE INPUT
FOR THE DATABASES
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BACKUP
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* CoObiTHe - HanmeHbllaa egmHma Habopa gaHHbIX, pesysibrar
NOSTy4YEHHbIN CO BCEX CYyOAETEKTOPOB BO BpeMsA OHOro
CTOJIKHOBEHUSA cryctkos yacTtuy, B LHC.

* Run - 3T0 NHTepBas1 BpeMeHn cbopa AaHHbIX, 0ObIYHO MHOIO
4yacoB, B TedeHne KOTOPOro 3anncbiBaloTcA AaHHble, NPU 3TOM
KOH(pUrypauma getekropa v TpUrrepHblX CUCTEM NOCTOAHHA.

* The event records, are grouped into files that contain a few
thousand events.

* Files containing statistically equivalent events taken under the
same conditions are grouped into datasets.

26.04.2023 SPD Collaboration Meeting



Conditions Data

* Various versions of the datasets originate from the same events
 Different reconstruction settings and software version
» Datasets have different data type for every processing stage
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SPD Data formats

 Real data from the detector:
« After Online Filter - filtered RAW format
* Fast reco event data, Unpacked raw hits, Raw data blocks

» AOD and ESD datasets are produced after offline reconstruction.
* AOD: Physics objects: particles, tracks, clusters ...
* ESD: + raw hits

* Simulated (MC) datasets.

* Event Generator produces EVGEN datasets
= contain MC truth

* After Simulation - RAW MC EVENTS
*  MC truth + unpacked raw hits

* AOD and ESD datasets are produced after offline reconstruction.
* The same as for real data + Mc truth
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For AOD and ESD

SPD Data formats

 Each event contains result of interactions within one time slice

* Event content

* Event header: Run ID, FramelD, BCID, Event ID
* RAW Hits

(- List of Vertices: Vtx,y,z + list of particles

* Particles

* ParticlelD, list of tracks, list of ECAL, RS, ZDC clusters, TOF, AEG, BBC hits + MC
< truth for MC

* ECAL, ZDC, RS clusters: X,Y,Z, energy, error, cluster shape (?)
* BBC, TOF, AEG hits: X,Y,Z, Amplitude or TOF

\* Polarization: Polarization degree ?

* No online trigger information
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Condition data mdel Data Model

A global tag is the top-level configuration (version) of all conditions
data needed for a particular data processing use case.

* For a given system and a given interval of validity, a global tag will
resolve to one, and only one, conditions data payload.

* The Global Tag resolves to a particular subsystem Tag via the
Global Tag Map table.

* A subystem Tag consists of many intervals of validity (I0V) or
entries in the 10V table that corresponds to a time interval.

* Finally, each entry in the IOV table maps to a payload via its
unique hash key in the Payload table.
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ov

GLOBAL TAG

time type (run/lumi, time, ...)

name (unique id)

since : open intervals only

snapshot : used for versioning

insertion time: versioning

insertion time

<

hash: payload reference
T ——

TAG < GLOBAL TAG MAP

validity

PAYLOAD

hash

i name (unique id)

26.04.2023

endOfValidiy : close last iov
BLOB: serialized objects l 4
insertion time: versioning

object type: serialization

record: client software
—

SPD Collaboration Meeting
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Data Model Features

* Conditions data payloads are uniquely identified by a hash which
IS the sole reference to any given conditions data payload.

* The payload data has been separated from the data management
metadata and could in principle be placed in a separate storage
system.

* |OVs are resolved independently of payloads that are cacheable

 Efficient caching is a key design requirement for any conditions
database that must support high rate data access.

* A web server (with an internal cache) is used for interactions with
the relational database and data input, search and retrieval
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Conditions data with REST

* We plan to adopt CREST (Condition data with REST) project
developed for ATLAS experiment condition data

* It implements model described above, with five tables containing
metadata and payload data

* Conditions data are stored in the PAYLOAD table.

* Values are consumed as an aggregated set
* typically a header and some parameters container(s).

Conditions meta-data are organized in three tables
* plus one used essentially for mapping between tags and global tags

Frontier servers and Squids provide access from Grid jobs and
local caches
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CREST data model

| ATLAS_PHYS_COND,GLOBAL_TAG ATLAS_PHYS_COMD.GLOBAL_TAG_MAP _ ATLAS PHYS COND.PAYLOAD
P " NAME VARCHARZ (100 CHAR) FF * GLOBAL TAG_NAME  VARCHARZ (100 CHAR) i VARCHARZ (84 CHAR)
* DESCRIPTION VARCHARZ (4000 CHAR) P * LABEL VARCHARZ (100 CHAR) bt e
* INSERTION_TIME  TIMESTAMP P * RECORD VARCHARZ (100 CHAR) * INSEFTIONTIME  TIMESTAMP
* RELEASE VARCHARZ (100 CHAR) F * TAG NAME VARCHARZ (100 CHAR) * OBECT.TFPE VARCHARZ (100 CHAR)
* SCEMARIO VARCHARZ (100 CHAR STREAMER_INFO  BLOB
S T TR Whas d = GLOBAL TAG MAP_PK (GLOBAL_TAG_NAME. LABEL. R « VERSION VARCHARZ (20 CHAR)
* TYPE CHAR (1 CHAR) FK_ZLB1J0IBMWSYFRTOCPYSVRVSS (GLOBAL_TAG_NA == PAYLOAD_PK (HASH)
* VALIDITY NUMBER (38) FK_TBCLJZHVLBAKLLLGBESYONTS1 (TAG_NAME)
* WORKFLOW VARCHARZ (100 CHAR)
&= GLOBAL_TAG_PK (NAME)
'

3 .\

| ATUAS PHYS GONDTAG _ ATLAS_PHYS_COND.IOV
P * NAME VARGCHARZ (256 CHAR) T i
* DESCRIPTION VARCHARZ {4000 CHAR) P * SINCE NUMBER: (38}
Moot e FE* TAG_NAME VARCHARZ (268 CHAR)
* LAST VALIDATED_TIME  NUMBER (38) LN e
* MODIFICATION_TIME  TIMESTAMP < @ IOV_PK (TAG_NAME, SINCE, INSERTION_TIME)
* ORUECT_TYPE VARCHARZ (256 CHAR) FH_EMC1JLDXMYST410982A1SPFE (TAG_MAME)
* SYNCHRONIZATION VARCHARZ (20 CHAR) FK_IOV_PAYLOAD (PAYLOAD_HASH)
* TIME_TYPE VARCHAR2 (16 CHAR) . iae
3= TAG_PK (NAME] WA N, BRGNS, TR

CREST data model scheme
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CREST data model

IOV in CREST contains the time information

 stored in one time column

* time can be represented as a timestamp, a run number etc.
* It is valid by default until the next entry in time

IOV points to one payload via an sha256 hash key
* The IOVs are retrieved separately from the PAYLOADS

TAG in CREST is a label used to identify a specific set of IOVs.

GLOBAL TAG is a label used to identify a consistent set of TAGS,
Involved in a given data flow

° e.g. areprocessing campaign, a MC production etc.
* The same TAG can be associated to many GLOBAL TAGs.
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CREST Database Architecture

* The CREST project consists of several components:
* CREST Server
C++ Client library

e— * CREST Command Line Client
Oracle
e —
- CREST DB Tlmﬂ EXPERT
” JPA : - (Python, Java,
Sqlite 10BC DataPkg JaxRs [ " Gre. Sieitite
—F T —= o .
Postgres t----'l DataRepositories | ; Frontier S
—— E “» HTTP ﬂ "
e WebControllers fe-=-- JDBC . Qr-l g
. : HTTP 11| o™ (Python, c++)
H2 D
w D
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CREST Server

CREST DB server exposes functionalities via REST.

* The API is described using OpenAPI specifications.

* SQL is not involved in the dialogue between client and server,
 Instead the internal resources are accessible via URLSs.

All HTTP Methods can be used:
 POST/PUT (to create/update resources), GET and DELETE.

The request and response bodies are formatted in JSON.

The header of the requests can be used for formatting the output,
deal with caching related parameters etc.

The client library (in Python) and server stubs (in Java JAX-RS)
are generated via OpenApi by the Swagger Codegen library.
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C++ CREST Client library

C++ client library (CrestApi) created to simplify the CREST Server
access to the C++ developers and the Athena framework

CrestApi library is a request library to the CREST Server
» or to the local file storage

Allows to store, read (and update) the data on the CREST Server.

The data transferring mechanism (low level request methods) can
be changed in the CrestApi library. Now it uses the CURL library

Data exchanged with the server are in JSON format.
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CREST Command Line Client

* The CREST command line client (CrestCmd) is an access tool to
the data stored on the CREST server
* Written to simplify the development of the other CREST project
components.

* CrestCmd can be used for quick interactions with the CREST
server, mainly with the goal to provide management functionalities
and browsing capabilities to users.

* CrestCmd works with the main CREST data types

* tags, tag meta infos, global tags, global tag maps and an 10Vs together
with payloads.
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The CREST project appeared to replace previous Conditions DB
based on COOL/CORAL, that had a number of serious
drawbacks.

The CREST project server prototype and its main components are
Implemented.

The CREST C++ client library (CrestApi) was written and included
In the official ATLAS software offline release (Athena).

The project should be relatively easy adopted for use with the
SPD, its use with PostgreSQL already has been tested

After that, it should be developed independently from Atlas
framework for use with SPD computing environment

26.04.2023 SPD Collaboration Meeting



Bbi6bop nnartgoopmel

* Pa3paboTky Eventlndex ectecTBeHHO HayaTb C Bbibopa
naardopmMbl 418 XpaHeHNA 1 yrnpaBneHnsa AaHHbIMN,

* HyxHa Open Source CYB/l no3sonstoLias ObICTPO
N HAaZleXHOo onepupoBarb TepabanTHbIMN 06beMaMn AaHHbIX

* PaccmatpuBaroTCca HECKO/1bKO BapraHTOB

* ClickHouse o1 AHaeKkc ||| cictose
* crtonéuosasa CYB/[ aonsa oHnariH 06paboTkn aHanntnyeckmx sanpocos (OLAP)

* Apache HBase HERSE
°  pacnpeaeneHHasi, Ko/IoHOYHO-OpMEHTUPOBaHHasA, My/IbTUBEPCMOHHAA 6a3a Tuna
«KKJ/THOY-3HA4YEeHne».

) POStgreSQL PostgreSQL
*  0ObEKTHO-pensaumoHHas cuctema ynpasneHmsa 6azamm gaHHbix (CYB/)
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OcobeHHocTU ClickHouse

* CT10/16L0BOE XpaHeHne AaHHbIX — AaHHbIEe CUMUTLIBAKOTCA TOMbKO
N3 HYXHbIX KOSIOHOK, U 0AHOTUNHAA MHdopMauuna aOdeEKTUBHO
C)KMMaeTcs

* lMopaepxka NPUONMKEHHbLIX BbIYMC/IEHUN HA YacTu BbIOOPKUN —
CHMXXAETCS YNC/10 OOpaLLEHNI K XXECTKOMY OMUCKY, YTO eLlé
60/ibllie NOBbILLIAET CKOPOCTb 0O6PabOTKN AAHHBIX;

* pacnapasnnieninBaHue onepauuii Kak B npegenax ogHoro cepsepa
Ha HECKOJ/1bKO NPOLECCOPHbIX AAEp, Tak U B pamKax
pacnpeaenéHHbIX BbIYMCNEHNA HA KNnacTepe 3a CYET MexaHn3ma
LapAMPOBaHUS;

* NIMHeliHaa MacluTabupyemMocTb — €CTb BO3MOXHOCTb NOCTPOUTb
KnacTep o4YeHb 6O/bLLIOIO pasmepa
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HepocTtatkn ClickHouse

* Pas3pexeHHbin nHaekc nenaet ClickHouse nsioxo npurogHbIM A1
TOYEYHbIX YTEHUW OANHOYHbLIX CTPOK MO CBOUM K/1H0UaM.

* BO3MOXHOCTb M3MEHATb UN yaansATb paHee 3anMcaHHble
[laHHblE C HU3KMMU 3a4epXKaMn 1N BbICOKOIA YacTOTON 3anpocoB
He npepocTaBnsaeTcs. EcTb MmaccoBoe ygasieHne n UsMeHeHne
JaHHbIX 1151 OUNCTKM 60N1ee He HYXXHOro

* OTCYTCTBUE YHUKA/IbHOCTU NEPBUYHBIX K/THOUYEN, YTO BMECTE C
npeablIayLwmmM NyHKTOM B HaLLIEM C/lydae OCJ/IOXKHSAET fobaBneHue
HOBbIX noneun B EventRecord
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Apache HBase

» JlaHHble opraHn3oBaHbl B TabAULbI, NMPOUHAEKCUPOBAHHbIE
NepBUYHbLIM K/1H04OM, KOTOPbIM B Hbase Ha3biBaeTcsa RowKey.

* [na kaxxgoro RowKey k/iroda MOXET XpaHUTbCA HeorpaHn4YeHHb!
Habop aTpnbyToB (UM KOMTOHOK).

* KONoHKK opraHn3oBaHHbI B rpynnbl KO/IOHOK, Ha3biBaeMble
Column Family.

« Kak npasuno B ogHy Column Family 06begnHAT KONOHKK, A1 KOTOPbIX
OANHAKOBbI NATTEPH NCMNO/b30BaHUA U XPaHEHUS.

* [nsa Kaxaoro atpnbyta MOXeT XPaHUTbCS HECKO/bKO pa3/INyHbIX
Bepcui. PasHble Bepcun MMELOT pasHbIi timestamp.
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Apache HBase

* 3anncu omsndeckn XpaHAaTca B OTCoOpTuUpoBaHHOM No RowKey
nopsaake. Npun aToM AaHHbIe COOTBETCTBYHOLLME pa3HbiM Column
Family xpaHAaTcsa oTAenbHO, YTO NO3BOMSET NP HEOOBXOAMMOCTH
4ynTaTb AaHHble TO/IbKO N3 HY>KHOT0 CEMENCTBA KOJTOHOK.

*  ATpubYThbI, NpMHagexallne OAHON rpynne KOMIOHOK U
COOTBETCTBYHOLLINE OAHOMY K/THOUY (DU3NUYECKN XPaAHATCS Kak
OTCOPTUPOBAHHbIV CNUCOK. /110601 aTprubyT MOXET OTCYTCTBOBATb
VNN NPUCYTCTBOBATb /181 KAXKA0ro K/io4a, Npy 3TOM ecnn
aTpuobyT OTCYTCTBYET — 3TO HE BbI3bIBAET HAaKMAAHbIX PACX0A0B
Ha XpaHeHue NyCTbIX 3HAYEHWIA.

*  CnunCcoK 1 Ha3BaHUS rpynn KOSIOHOK OMKCUPOBAH N UMEET YETKYHO
CXEMY.

15.11.2022 OceHHAasa Wkona no nHopmaynoHHbIM TexHonoruam OUAN



PostgreSQL

* PostgreSQL 310 a 06bekTHO-pendunoHHasa CYB/] ¢ OTKPbITbIM
NCXOAHbLIM KOAOM.

* MoppepXka MHOTOYMCEHHbIX TUMOB AaHHbIX

* YucneHHble, 6yneBble, CUMBOJIbHbIE, COCTaBHbIE, CETEBbIE TUMbI AAHHbIX,
nepeuyncrieHne, TUMbl «aata/Bpems», MacCuBbl, etc.

Moanepxka JSON, 4TO NO3BOMAET UCNOMb30BaTbh Schema-less gaHHble
* BcTpoeHHble cneunanusnposaHHble JSON onepaTtopbl U PYHKLMN

* Moppepxka Nonb30BaTe/IbCKUX 0OGbEKTOB N UX MOBEAEHUS, BKOYas
TUNbI AAHHbIX, YHKUMK, onepaumm N NHAEKChI.

* HaekcupoBaHue: YyactuyHoe, oyHkumoHanbHoe, GiST, GIN, BRIN
* OYHKUMN BUPTYasibHbIX Tabnuy, MatepuasimoBaHHble NpeacTaB/ieHns
* B0O3MOXHOCTb A06aB/1IeHNA/N3MEHEHNA CTO/IOLIOB
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PostgreSQL

*  Ob6ecneymBaeT BbICOKYH HAaAEXHOCTb 1 NPOU3BOANTENTbHOCTD:

* cooTtBetcTBue npuHumnam ACID (aTomapHOCTb, U30/IMPOBAHHOCTD,
HEenpPoOTNBOPEUYMBOCTb, COXPAHHOCTb AAaHHbIX)

* MHOroBepPCUOHHbIN KOHTPO/Ib KOHKYPEHTHbIX TPaH3akuni 1 n3onsauus
TpaH3akuumn
°  BO3MOXHOCTb U3MEHEHUs 6a3 AaHHbIX OAHOBPEMEHHO Pa3HbIMW MOJ/1Ib30BaTE/IAMMN.
° MUHUMN3NPYyET 6]'IOKI/|pOBKI/I AaHHbIX N NO3BOMIAET YBEJ/IUYNTL NMPOU3BOANTENIbHOCTb

» JXypHanbl onepexatoulen 3anvucu (Write Ahead Logging)

*  chukcupyroLlas Bce U3MEHEHUA A0 NX dakTUYEeCKoro npMMeHeHus.

Pe3epBHOEe KonnpoBaHne 1 BOCCTaHOB/IEHME
B0o3MOXXHOCTb BOCCTaHOB/IEHMA 6a3bl AaHHbIX Point in Time Recovery
* OtkaTr cocTtosHMe 6asbl AaHHbIX K NpegblayLemMy CToSHUI0 ncnonb3ysa WAL.
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* OCHOBHbIE OrpaHnyeHuns

MakcumasibHblin pasmep b HeorpaHuyeH
MakcmasnbHblil pasmep Tabnuubl 32TB
MakcumMasibHbIA pa3Mep CTPOKK 1.6 TB
MakcMasibHbIN pasmep nons 1 GB
MakcrmanbHoe KO/IMYeCcTBO CTPOK B Tabnuue HeorpaHnyeHHO
MakcumasibHOe KO/IM4ecTBO CToM6LU0B B Tabnmue 250-1600
MakcrmanbHoe KOM4ecTBO MHAEKCOB B Tabnnue HeorpaHnyeHo
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